Abstract. The modern approaches to the study of physical and mechanical properties of materials are described in this article. A brief description of the express method health assessment tool that has been developed in the framework of this approach.
Introduction
Modern development of mechanic engineering involves the creation of new tools and construction materials with predetermined properties, expanding the range and improving the technical and economic characteristics of the materials.
The widespread use of metals and their alloys in the technology requires a thorough and comprehensive investigation of their physical and mechanical properties over a wide temperature zone Range. At high temperatures there is a number of abnormal physical phenomena, especially in the field of structural and phase transitions. It is possible to change the physical parameters of materials that may be the cause of reduced reliability of engineering products.
At present there is no complete and reliable information about the physical properties for a variety of structural and tool steels and other metals in a wide range of temperatures, depending on the degree of deformation and heat treatment regimes. [1] Complex studies of the properties of materials are important in terms of fundamental knowledge and solving a number of problems of materials science, solid state physics, metal physics.
We have solved this problem by creating new methods, systems and devices that use the latest achievements of fundamental sciences, in particular, of materials science, thermal physics, physical acoustics. Of particular relevance is the problem of improving the accuracy and reliability of the experimental data, an expanding of temperature range of studies to obtain the maximum of information in a single experiment.
Scientific novelty consists in the following: -We found out the temperature dependence of the sound velocity, ultrasonic vibrations, the elastic modulus and internal friction for a number of ferromagnetic materials, and titanium alloys under various degrees of deformation and heat treatment conditions; -We investigated and described the behavior of the acoustic and mechanical parameters in phase and magnetic transitions in metals and alloys; -We first found out the values of thermal coefficient for the modulus of a number of pure metals, structural and tool steels and alloys depending on the degree of deformation and heat treatment; -We determined the activation energy for defect modulus for cobalt, nickel, steel that were heat-treated.
The practical significance of the work: -We developed the technique of investigation of the temperature dependences of the acoustic parameters for pure metals and their alloys [2] ; -We created the original equipment for high-precision measurements of sound velocity and ultrasonic vibration at various frequencies in a wide temperature range for the wire samples [3] ; -We developed an experimental system that allows us to investigate the mechanical properties and performance of materials and record AE signals -We developed software that allows the acoustic path and fixing the details of PC, keeping all thread data of modeling nondestructive control method on the basis of these settings; -We received a unique experimental data on the elastic modulus and internal friction in the high-temperature materials for the aircraft; -We received a set of acoustic and physical parameters for the structural steel, which is used to simulate the process of destruction of engineering products [4] .
Results
The process of improving the properties of tool materials is based on rapid methods for assessing performance of the instrument. In addition to well-known methods of assessing mechanical and performance specifications of tool materials [5] a number of rapid assessment methodologies of additional parameters are developed (e.g., crack-resistance, etc.), that allow to control, to make quality assessment, diagnose and forecast performance of cutting tools using acoustic emission.
Next, we present information about applying microcutting (to a depth of several micrometers) for the study of the destruction of the surface layers of microfracture tools, including coated ones [6] .
Microcutting was carried out on the principle of the pendulum or scribing with a special or a standard (diamond pyramid or cone) indenter. The cutting speeds, the rates of deformation, fracture energy and test temperature were similar to those in the real cutting process (refer with Figure 1 ). The information in the pendulum scribing was recorded with the method of acoustic emission (AE), the results were processed (digitized) on a computer with the help of the converted acoustic signal by means of the developed software package. Comparison of the results of treatment with microfracturing research allowed us to allocate informative parameters that reflect the size and nature of the damage. This has allowed the parameters of the acoustic signal to identify the mechanism of destruction of the material (including the cover), and to predict the performance of the instrument under the given conditions of cutting.
Thus, in Figure 2 we can observe the possibility of using the frequency spectrum of the acoustic signal as an informative parameter. The figure shows that the characteristic (peak) frequencies differ significantly for different tool materials. They can help identify materials and compare quality features of a series of samples with the standard -wolfram-cobalt alloy (WC8). Other informative parameters assist to assess the strength of the adhesion of the coating to the substrate, the fracture toughness of the alloy WC8 or coating Zr+ZrN (TiC+TiCN+TiN) and other performance products. 
Summary
The modern approaches to the study of physical and mechanical properties of materials are described in this article. A brief description of the express method health assessment tool that has been developed in the framework of this approach.
